Recent concerns over the environmental contamination of water supplies with perchlorate have focused a significant amount of attention on the microbial metabolism of oxyanions of chlorine (29). Perchlorate contamination poses a significant health threat, as preliminary toxicological studies have demonstrated that it is a competitive inhibitor of iodine uptake by the thyroid gland, and at higher concentrations (6 mg per kg of body weight per day), perchlorate can result in fatal bone marrow disease. In 1998, perchlorate was added to the U.S. Environmental Protection Agency's drinking water candidate contaminant list, and a recommended regulatory concentration of 32 g liter Ϫ1 was set, which, if exceeded, would require stoppage of water usage and remediation (http://cfpub.epa .gov/ncea/cfm/recordisplay.cfm?deid-23292). More recently, as a result of the publication of the first draft of the Environmental Protection Agency review on toxicological and risk characterization data associated with perchlorate contamination, the Californian Department of Health and Human Services revised and lowered its original provisional action level to 4 g liter Ϫ1 , which is at the limits of detection using current technologies (32; http://www.dhs.ca.gov/ps/ddwem/chemicals /perchl/actionlevel.htm).
Recent concerns over the environmental contamination of water supplies with perchlorate have focused a significant amount of attention on the microbial metabolism of oxyanions of chlorine (29) . Perchlorate contamination poses a significant health threat, as preliminary toxicological studies have demonstrated that it is a competitive inhibitor of iodine uptake by the thyroid gland, and at higher concentrations (6 mg per kg of body weight per day), perchlorate can result in fatal bone marrow disease. In 1998, perchlorate was added to the U.S. Environmental Protection Agency's drinking water candidate contaminant list, and a recommended regulatory concentration of 32 g liter Ϫ1 was set, which, if exceeded, would require stoppage of water usage and remediation (http://cfpub.epa .gov/ncea/cfm/recordisplay.cfm?deid-23292). More recently, as a result of the publication of the first draft of the Environmental Protection Agency review on toxicological and risk characterization data associated with perchlorate contamination, the Californian Department of Health and Human Services revised and lowered its original provisional action level to 4 g liter Ϫ1 , which is at the limits of detection using current technologies (32; http://www.dhs.ca.gov/ps/ddwem/chemicals /perchl/actionlevel.htm).
Remediation efforts of perchlorate contamination have focused primarily on microbial processes because of the unique chemical stability and high solubility of perchlorate (29) . These processes are based on the ability of perchlorate-reducing bacteria to utilize perchlorate as a physiological electron acceptor in the absence of oxygen and reduce it completely to innocuous chloride. Although it has been recognized for more than 70 years that oxyanions of chlorine are suitable electron acceptors for microbial metabolism (5) , this reductive process was originally associated with nitrate-respiring organisms which simply used chlorate as an opportunistic substrate for nitrate reductase (12) (13) (14) . Growth was not associated with this metabolic pathway, and chlorite was formed as a toxic end product (12) (13) (14) 23) .
It is now known that specialized microorganisms have evolved that can grow by the anaerobic dissimilation of perchlorate (1, 6, 9, 10, 18, 19, 22, 24, 28, 31) , and many dissimilatory perchlorate-reducing bacteria (DPRB) are now in pure culture. The known DPRB isolates represent a broad physiology and phylogeny, with members in the alpha, beta, gamma, and epsilon subclasses of the Proteobacteria (9, 31) . The majority of the DPRB are members of the beta subclass of the Proteobacteria and represent two novel genera, the Dechloromonas species and the Dechlorosoma species (1). These organisms are closely related to each other and to the phototrophic Rhodocyclus species. Members of these two groups have been identified and isolated from nearly all environments screened, including both field samples and ex situ bioreactors treating perchlorate-contaminated wastes (9, 18) .
Although relatively little is known about the biochemistry of perchlorate reduction, some recent studies have yielded important information. A single oxygen-sensitive perchlorate reductase enzyme of the DPRB strain GR-1 was recently purified and partially characterized (16) . This enzyme was located in the periplasm and was a heterodimer in an ␣ 3 ␤ 3 configuration with a total molecular mass of 420 kDa and contained iron, molybdenum, and selenium cofactors (16) . In addition to perchlorate, the perchlorate reductase from strain GR-1 also catalyzed the reduction of chlorate, nitrate, iodate, and bromate (16) . Perchlorate and chlorate were reduced to chlorite.
The dismutation of chlorite into chloride and O 2 is now known to be a central step in the reductive pathway of per-chlorate that is common to all DPRB (9) . Chlorite dismutation by DPRB is mediated by a highly conserved single enzyme, chlorite dismutase (CD), which is an iron-containing homotetramer with a molecular mass of approximately 120 kDa (9, 27, 30) . Phenotypic studies with the DPRB Dechloromonas agitata and Dechlorosoma suillum indicated that CD activity was only present when the organisms were grown anaerobically on perchlorate or chlorate and expression of the CD was negatively regulated by oxygen and nitrate (7) . Furthermore, studies with a recently developed immunoprobe specific for purified CD from D. agitata strain CKB indicated that the CD was present on the outer membrane of all DPRB and was conserved among the DPRB, regardless of their phylogenetic affiliation (21) .
Although significant advances have been made in the last five years regarding the microbiology of perchlorate reduction, there is still nothing known about the genetic systems involved in this metabolism. The gene sequence for CD from Ideonella dechloratans was recently made available in the GenBank database (accession number AJ296077) by T. Nilsson (Karlstad University, Karlstad, Sweden); however, there is currently no information available on this gene in the literature. Here we report on the sequencing and transcriptional analysis of the CD gene (cld) of D. agitata strain CKB and investigate its use as a metabolic probe. This represents the first description of a functional gene involved in the microbial respiration of perchlorate.
MATERIALS AND METHODS
Growth conditions. Both D. agitata and I. dechloratans (ATCC 51718) were grown at 30°C on basal medium (6) following standard anaerobic techniques (15) . Oxygen was removed by boiling and cooling under an N 2 -CO 2 (80/20, vol/vol) gas phase. Acetate (10 mM) and either chlorate or perchlorate (10 mM) were added, respectively, as electron donor and acceptor from sterile anoxic stock solutions. Aerobic growth was achieved utilizing the same basal medium with oxygen as the electron acceptor. Escherichia coli strains XL1-Blue MRFЈ and SOLR (Stratagene, La Jolla, Calif.), used for library screening, were maintained aerobically on Luria-Bertani (LB) medium supplemented with 0.2% maltose and 10 mM MgSO 4 at 32°C. SOLR excision reactions were plated on LB medium supplemented with ampicillin (50 g/ml) to select for the pBluescript vector (Stratagene).
Nucleic acid isolation. Genomic DNA (gDNA) was extracted using the PUREGENE DNA isolation kit (Gentra Systems Inc., Minneapolis, Minn.). For RNA extractions, mid-log-phase cultures were filtered and RNA was extracted using Lysing Matrix B tubes (Bio 101, Inc., Carlsbad, Calif.) and RNAwiz reagent (Ambion, Austin, Tex.). To assess the level of RNA degradation, samples were electrophoresed on a 1.0% (wt/vol) nondenaturing Tris-acetate-EDTA (TAE) agarose gel.
Southern blotting. Five separate restriction enzyme digests were performed on D. agitata gDNA. Each digest was incubated at 37°C for 1 h and contained the following: 100 ng of DNA, 1 l of buffer, 1 l of enzyme (BamHI, EcoRI, HindIII, KpnI, or SacI), and water to 10 l. Enzymes and buffers were from Promega, Madison, Wis. The digests were electrophoresed on a 0.7% TAE agarose gel. The gel was then denatured, neutralized, and blotted using standard techniques (26) .
Genomic library construction. EcoRI-digested D. agitata total gDNA was electrophoresed on a 0.7% TAE agarose gel. Resulting fragments ranging from 3.0 to 8.0 kb were excised from the gel, purified (GeneClean II; Bio 101), and ligated into Lambda ZAP II predigested EcoRI-calf intestine alkaline phosphatase-treated DNA (Stratagene). Recombinant lambda vectors were packaged using the Gigapack III Gold packaging extract with E. coli strain XL1-Blue MRFЈ as the host strain for library plating and amplification. Lambda ligation, packaging, and library amplification methods were all performed according to the manufacturer's instructions (Stratagene).
Library screening. Recombinant lambda DNA was transferred to nylon membranes in accordance with the instructions of the manufacturer (Stratagene). PCR primers ICD-741F (5Ј-TATCTCCAAGGACAAGTCGC-3Ј) and ICD-1140R (5Ј-TCAATTGCCCATCGACAGCGT-3Ј) were utilized to construct a digoxigenin-labeled probe specific to 399 bases of the I. dechloratans CD gene (GenBank accession no. AJ296007; see CD probe design). Membranes were hybridized at 46°C using 5 l of probe per 10 ml of Easy Hyb solution (Roche Molecular Biochemicals, Indianapolis, Ind.) and detected using the digoxigenin luminescence detection kit (Roche Molecular Biochemicals). Positive lambda clones were identified and used to isolate a phagemid containing the cloned D. agitata insert by in vivo excision (Stratagene).
DNA sequencing and analysis. Recombinant phagemid DNA was sequenced using the ThermoSequenase cycle sequencing kit (U.S. Biochemical Corp., Cleveland, Ohio). A combination of vector-specific and insert-specific primers was used to completely sequence the D. agitata cld gene and flanking regions. Sequence entry and manipulation were performed using MacVector sequence analysis software for the Macintosh (version 7.0; Oxford Molecular) and the Se-Al Sequence Alignment Editor (version 1.0; created by A. Rambaut, University of Oxford). Protein sequence similarity was determined by BLAST 2.2 analysis (3).
Expression vector analysis. The primer set CD-79F (5Ј-ATGGATGCGAAG CCGCCAAT-3Ј) and CD-831R (5Ј-GCGTCCCATGGACAACGTAT-3Ј) was used in a standard PCR to amplify a 752-bp region of the cld open reading frame (ORF) excluding the signal peptide and stop codon. This amplified product was cloned into E. coli using the pBAD/TOPO Thiofusion expression kit (Invitrogen, Carlsbad, Calif.). Clones containing the cld insert in the correct orientation and reading frame were determined via sequencing using vector primers. To test for cld expression, single colonies were picked and grown overnight at 37°C in 5 ml of LB broth supplemented with ampicillin (50 g/ml). The next day, 0.1 ml of the overnight cultures was inoculated into 10 ml of LB broth supplemented with ampicillin (50 g/ml) and grown to an optical density at 600 nm of 0.5. To induce transcription from the vector's promoter, L-arabinose was added to the cultures at a final concentration of 0.2% and the cultures were incubated at 37°C for 4 h. The cells were washed and resuspended in 100 mM phosphate buffer, pH 7.3, to an optical density at 600 nm of 1.5. From the suspensions, 2-l aliquots of whole cells from both the cld expression culture and a negative control culture were spotted onto an Immobilon-P (Millipore, Bedford, Mass.) membrane along with 5 g of diluted pure CD enzyme as a positive control. The dot blots were probed with the CD-specific immunoprobe and detected as previously described (21).
Primer extension. Primer extension reactions with [␥-33 P]ATP were performed using the Primer Extension System-AMV reverse transcriptase kit (Promega). Primer CD-PX1 (5Ј-ACAGTAGTGCCATGAACGTT-3Ј), which is specific to the 5Ј end of the CD mRNA, was developed and used in a primer extension reaction with 15 g of total RNA from D. agitata cells grown under perchlorate-reducing conditions. Primer extension reactions were electrophoresed alongside sequencing reactions using the same primer on a standard 8 M urea-6.0% polyacrylamide gel for 3 h at 39 W.
CD probe design. A probe corresponding to the 3Ј end of the D. agitata cld gene was labeled via PCR using the primers CD-441F (5Ј-AAAAGATAAA TCGCCAAATC-3Ј) and CD-834R (5Ј-TTAGCGTCCCATGGACAACG-3Ј). Digoxigenin-11-dUTP (Roche Molecular Biochemicals) was incorporated by PCR as previously described (17) . All PCR reagents were from Promega. Reactions were cycled at the following parameters: 94°C for 3 min; followed by 30 cycles consisting of 94°C for 1 min, 55°C for 1 min, and 72°C for 2 min; and ending with a 10-min extension at 72°C.
Northern blot analysis. Five micrograms of total RNA from D. agitata cells grown under various conditions was electrophoresed on a 1.0% glyoxal-agarose gel and blotted according to the NorthernMax-Gly glyoxal-based system for Northern blots manual (Ambion). Following transfer, the membrane was UV cross-linked (120 mJ/cm 2 ) and hybridized according to the manufacturer's instructions at 50°C with 5 l of digoxigenin-labeled D. agitata cld probe per 10 ml of Easy Hyb solution (Roche Molecular Biochemicals). Detection was performed using the digoxigenin luminescence detection kit (Roche Molecular Biochemicals).
DNA slot blotting and screening. Two hundred fifty nanograms of gDNA from previously isolated perchlorate-and chlorate-reducing strains and close relatives unable to reduce perchlorate were blotted onto Zeta-Probe blotting membrane using the Bio-Dot SF Microfiltration Apparatus (Bio-Rad, Hercules, Calif.). Following transfer, the blot was UV cross-linked (120 mJ/cm 2 ) and hybridized at 46°C with the D. agitata cld probe following the same method as in the Northern blot analysis.
GenBank accession numbers. All sequence data generated for this study were submitted to the GenBank database under accession number AY124796. The GenBank accession numbers for the 16S ribosomal DNA (rDNA) sequences of the organisms in Fig. 5B 
RESULTS AND DISCUSSION
I. dechloratans CD primers. As outlined in the introduction, the gene sequence for CD (cld) from I. dechloratans was recently submitted to the GenBank database (accession number AJ296077); however, no information regarding this gene is currently available in the literature. Because it was not known which part of the putative I. dechloratans CD gene contained the most highly conserved sequence region, a series of primers was designed to specifically amplify the 5Ј end, central portion, and 3Ј end of the CD gene from I. dechloratans. Each primer set was used in a PCR using either I. dechloratans or D. agitata gDNA as the template. PCR amplification of I. dechloratans DNA yielded an 857-bp product using a primer set spanning the central region of the putative coding sequence for CD and yielded a 430-bp product using a primer set corresponding to the 5Ј end of the cld gene. A 399-bp product corresponding to the 3Ј end of the cld gene was amplified from I. dechloratans gDNA using the primer set ICD-741F and ICD-1140R. No amplification products of the desired length were obtained with any of the I. dechloratans-specific primer sets using D. agitata gDNA as the template.
Southern blot and library screening. To determine if the I. dechloratans cld gene sequence could be used to screen a D. agitata genomic library, a Southern blot was performed using the labeled amplification products of I. dechloratans (see above) as probes. Using the probe corresponding to the 3Ј end of the I. dechloratans cld gene, a positive signal was visible in each lane of digested D. agitata gDNA (data not shown). However, no hybridization signal resulted when the same Southern blot was hybridized with either the probe corresponding to the 5Ј end of the I. dechloratans CD gene or the probe spanning the central portion of the gene (data not shown). This result indicates that the 3Ј end of the cld gene is more conserved than the 5Ј end and likely encodes the protoheme IX group binding region observed in the mature proteins from I. dechloratans (27) and the DPRB strain GR-1 (30) which is part of the active site of the CD enzyme. As such, the I. dechloratans probe corresponding to the 3Ј end of the cld gene was used in all subsequent screening experiments.
Given the positive results from the Southern blot, a D. agitata gDNA lambda library was constructed and screened using the I. dechloratans cld probe. Screening of approximately 1,200 plaques resulted in a single positive clone. Following rescreening, the phagemid was produced and digested with EcoRI to yield an insert of approximately 7.5 kb.
Sequence analysis. Previously we purified and partially characterized the CD enzyme from D. agitata (9) . The purified CD was a homotetramer with a molecular mass of 120 kDa and a specific activity of 1,928 mol of chlorite dismutated per mg of protein per min (9) . These are similar to the molecular mass and specific activity observed for the CD previously purified from the perchlorate-reducing bacteria strain GR-1 (30) and I. dechloratans (27) . Commercial N-terminal sequencing (Commonwealth Biotechnologies Inc., Richmond, Va.) of the CD purified from D. agitata revealed the following 20-amino acid (aa) sequence in the mature protein: DAKPPMAMPDMT KILTAPGV.
Sequencing of the D. agitata insert revealed an ORF of 834 bp with a predicted N-terminal sequence of the mature protein identical to that of the purified D. agitata CD. In addition, sequence similarity to the putative I. dechloratans cld gene sequence provided further evidence that this ORF encodes the D. agitata CD protein (Fig. 2) . BLAST 2.2 analysis (3) indicated that the D. agitata CD sequence was 71% similar to I. dechloratans CD at the amino acid level. No other proteins in the GenBank database were more than 24% similar to the product encoded by the D. agitata cld gene, emphasizing the unique nature of the CD enzyme.
The predicted translation product of the D. agitata cld gene is a protein of 277 aa including a leader peptide of 26 aa (Fig.  1) . The D. agitata CD amino acid sequence was manually aligned to the I. dechloratans cld gene product, and, based on this very limited comparative analysis, regions of amino acid sequence conservation could be identified within the CD protein (Fig. 2) . As initially indicated by the Southern blot analysis, very low sequence similarity exists at the N terminus of the two proteins. In addition, no common promoter region could be distinguished from alignment analysis. However, regions of conservation in the central and C terminus of the mature CD protein were identified. Comparative analyses with more CD sequences are needed to refine our current view of sequence conservation and functional motifs for this protein.
Expression vector analysis of the cloned cld gene. To confirm that the cloned gene sequence encoded the CD enzyme, the PCR-amplified D. agitata cld gene was inserted into an E. coli expression vector which placed the gene under the control of an arabinose promoter. Whole-cell immunoprobing of the resulting E. coli transformant using a CD antibody conjugate (21) resulted in a positive signal, verifying that the transformed E. coli culture was producing the CD enzyme (data not shown). The negative control, an E. coli culture transformed with an expression vector containing a 16-kDa His-Patch thioredoxin fusion protein gene, failed to produce a signal in the immunoprobe analysis. as the electron acceptor. Primer CD-PX1, designed to target the 5Ј end of the CD mRNA, yielded a single extension product (Fig. 3) . From the primer extension data, a putative Ϫ10 promoter region was identified (5Ј-AAATTT-3Ј) that is located 8 bp upstream of the transcription start site (Fig. 1) . The sole transcriptional start site detected by primer extension indicates that the cld gene encodes a 277-aa product and that transcription begins 164 bp upstream of the DNA region encoding the N-terminal sequence as determined from the purified D. agitata CD protein (9) .
Prior to the N terminus of the mature CD protein, there is a region of DNA that, when read in-frame, could encode a 26-aa peptide (Fig. 1) . This intervening amino acid sequence may correspond to a signal peptide for the CD protein that could play a role in targeting the CD to the bacterial cell membrane (6, 9, 21) . In support of the membrane-bound nature of the CD enzyme, previous biochemical studies demonstrated that CD activity was associated with both the cell membrane and soluble fractions of a lysed-cell preparation of D. agitata when prepared using a French press (6, 9), which suggested that the CD was loosely bound to the membrane or was present in the periplasm. In I. dechloratans, the CD enzyme activity was located primarily in the periplasmic extract (27) . Furthermore, the CD-specific immunoprobe readily bound to whole cells of both of these organisms, suggesting that the antigenic portion of the CD was present on the outer membrane (21) . In contrast, van Ginkel and coworkers claimed that the CD activity of the DPRB strain GR-1 was located exclusively in the soluble fraction; however, no attempt was made to separate out the periplasmic fractions from the soluble fractions in that study (30) .
The identification of a ribosome binding site (RBS) located immediately upstream of the potential leader peptide (Fig. 1) lends support to the hypothesis that the leader peptide of the D. agitata cld gene is translated and later removed to produce the mature CD protein as determined from the N-terminal sequence of the purified CD enzyme. The RBS has a sequence of 5Ј-AGAAAGGЈ-3Ј, which is the exact reverse complement of the conserved terminal 3Ј end of the bacterial 16S rRNA.
Protein motifs and signal peptide. Both the primary and mature putative protein sequences for the D. agitata CD were submitted to the PredictProtein server (http://cubic.bioc .columbia.edu/predictprotein/submit_def.html). This server submits protein sequences to a number of modeling programs available online (25) . Interestingly, the CD sequence did not match any sequence currently in the protein data bank to allow for three-dimensional modeling. As such, homology modeling was not possible for either the primary or mature CD sequence. The DAS transmembrane prediction server (11) found only one likely transmembrane region in the leader sequence (Fig. 1) . This hydrophobic region spans aa 6 to 17 (GLLLT FMALLSV) and corresponds to a putative helix located in the leader sequence. The results from the SignalP server (20) further indicated that the leader sequence was indeed a signal peptide with a characteristic positively charged N terminus, a hydrophobic helix and a cleavage site motif of SQA-QQA ( Fig.  1) (4) .
Transcriptional regulation of CD. Previous physiological studies on the environmental factors that influence microbial perchlorate reduction demonstrated that perchlorate reduction was dependent on the presence of the CD enzyme which was induced during the anaerobic metabolism of perchlorate (7) . In that study, CD expression was negatively regulated by oxygen and nitrate even in the presence of perchlorate (7 (Fig. 4) . A faint band was evident in the aerobic culture, but an intense signal was obtained from the RNA of the perchlorate-grown culture, indicating that the cld gene is expressed at basal levels under aerobic conditions but that transcription of this gene is greatly increased when the cells are grown under perchlorate-reducing conditions. This result supports the previous physiological studies (7) and correlates well with the results obtained using the CD-specific immunoprobe which only bound to the D. agitata cells grown under perchlorate-reducing conditions and failed to bind to cells from an aerobic culture (21) . Although a faint signal was detected in the Northern blot from aerobic D. agitata cultures with the cld probe, it is possible that the amount of CD protein produced from this basal-level transcription is below the limit of detection by the immunoprobe or that there may be additional genetic regulation of CD at either the translational or posttranslational level. It is also apparent from the Northern blot results that the CD gene is not transcribed as part of an operon. Only a single band representing a mRNA of approximately 950 bases was detected. Since the length of the D. agitata cld gene from the transcription start site to the stop codon is 921 bp, this suggests that the only ORF contained on this transcript is that for CD. Therefore, it appears as though the cld gene is transcribed independent of other genes that are also involved in this metabolic pathway, such as perchlorate reductase.
Utility of D. agitata CD gene probe. Microbial dissimilatory perchlorate reduction is a phylogenetically diverse metabolism, and DPRB isolates have been placed in four of the five subclasses of the Proteobacteria (9). Furthermore, 16S rDNA sequence analysis indicates that several DPRB show less than 0.5% divergence in their 16S rDNA sequence with non-perchlorate-reducing relatives (1, 2). As such, DPRB molecular probes based on signature nucleotide sequences within the 16S rDNA sequence are of limited use. To determine the utility of the D. agitata cld gene as a metabolic probe, gDNAs of several phylogenetically distinct DPRB representing the alpha, beta, and gamma subclasses of the Proteobacteria were screened in a slot blot assay (Fig. 5A) . Organisms closely related to the DPRB which do not grow by dissimilatory perchlorate reduction were also included in the analysis. All the DPRB tested positive regardless of phylogenetic affiliation using the D. agitata probe to the 3Ј-end of the cld gene (Fig. 5A) lum, while weak, but still visible, signals were obtained from the gDNAs of the other DPRB. No signal was obtained from the non-perchlorate reducers Rhodocyclus tenuis, Dechloromonas sp. strain JJ, and Pseudomonas stutzeri (Fig. 5A) .
Differences in hybridization intensities for the DPRB indicate that conservation of the cld gene sequence varies among the perchlorate-reducing bacteria and that these differences do not reflect the 16S rDNA-based phylogeny of these organisms (Fig. 5B) . In support of this, a similar variation in signal response based on dot blot intensity was observed in studies with the CD-specific immunoprobe for the various DPRB, suggesting that some minor differences exist in the mature CD protein in these organisms (21) .
Although sequence variation of the cld gene among the DPRB likely exists, the D. agitata cld probe hybridized to all DPRB tested and failed to hybridize to any of the non-DPRB, despite their close phylogenetic relationships (Fig. 5) . Predictably, the most intense signal resulted from the positive control D. agitata. Rhodocyclus tenuis, a phylogenetically close nonperchlorate-reducing relative to D. agitata (1, 6) , did not produce any visible hybridization signal. Similarly, Dechloromonas sp. strain JJ, the only known Dechloromonas species that is incapable of perchlorate reduction (8) and the closest nonperchlorate-reducing relative to the DPRB Dechloromonas aromatica strain RCB, was also negative. Similar results were observed with the DPRB Pseudomonas sp. strain PK and its closest non-DPRB relative, Pseudomonas stutzeri, although these organisms share more than 99% 16S rDNA sequence similarity (9) .
Interestingly, a weak hybridization signal was obtained from Magnetospirillum magnetotacticum, a bacterium closely related to the DPRB Dechlorospirillum anomalous strain WD (2, 9, 10) . This was unexpected as previous studies in our laboratory demonstrated that several Magnetospirillum species, including M. magnetotacticum, did not grow by dissimilatory perchlorate reduction (10) . A subsequent search of the M. magnetotacticum genome (http://genome.ornl.gov/microbial/mmag/) revealed the presence of a putative CD gene. The physiological ramifications of this discovery are as yet unknown.
CD is now known to be a central enzyme involved in microbial perchlorate reduction (9, 27, 30) . The present study describes the identification and characterization of the cld gene encoding CD in D. agitata. As such, this is the first description of a functional gene associated with microbial perchlorate respiration, a ubiquitous metabolism in the environment (9) . Analyses of the transcriptional regulation of the D. agitata cld gene demonstrated that transcription of the gene encoding CD significantly increased when the organism was grown on perchlorate as opposed to aerobic growth, supporting previous observations on the environmental factors that influence microbial perchlorate reduction (7) .
Previous studies have indicated that the CD enzyme is unique to DPRB and is highly conserved among the phylogenetically diverse DPRB (9, 21) . It has also been shown that relatives of the known DPRB that cannot grow by perchlorate respiration are incapable of the dismutation of chlorite (6, 9) . In support of these observations, the CD gene probe developed in the present study hybridized to all DPRB tested, regardless of phylogenetic affiliation. In general, the gene probe was specific to DPRB, and cross hybridization with non-DPRB was not observed despite their phylogenetic similarity. However, one non-DPRB, M. magnetotacticum, did hybridize to the gene probe and examination of the M. magnetotacticum genome sequence identified the presence of a putative cld gene. As previous physiological studies with this and other Magnetospirillum species indicated that they could not grow by perchlorate or chlorate respiration (10) , the functional role of the cld gene in this organism is unknown.
The CD gene probe developed in this study represents a potential tool for monitoring active perchlorate metabolism by mixed DPRB populations in environmental samples during a bioremediative process. Additional genetic analyses are needed to ascertain the specific environmental parameters and regulatory mechanisms that affect CD activity.
